Synchronous fluorescence (SF) spectra of dissolved organic matter (DOp/I) show promise for mixing studies and can resolve multiple river inputs to large water masses in a single fast measurement. This study examines the effects of physicochemical variables on DOM SF independent of mixing. Our results show that changes in the pH and metal ion concentration do not affect SF in the alkaline Cuyahoga-Erie sy:;tem. The effect of temperature is small and correctable. Model predictions suggest that photobleaching of DOM SF can limit the use of this method to short periods (3-7 d, depending on conditions). SF spectra are sensitive enough to detect 1% river water mixed in Lake Erie water.
The intrinsic fluorescence of natural waters that arises from dissolved organic matter (DOM) provides a potentially useful method of tracing the mixing of rivers into large water masses like the oceans or the Great Lakes. Although fluorescence spectroscopy is fast, sensitive, and adaptable to shipboard or remote sensing (Mackey et al. 1989) , application of this method to circulation studies is hampered by a number of potential interferences. In particular, laboratory studies indicate that DOM fluorescence spectra are a function of physical and chemical variables in the environment. On the other hand, results of several field studies demonstrate conservative behavior of DOM fluorescence.
Conservative behavior has been observed in the mixing of the Rhine into the North and Wadden Seas (Zimmerman and Rommets 1974) and the mixing of smaller rivers in the southeastern United States in the Atlantic (Dorsch and Bidleman 1982; Willey and Atkinson 1982) . In each case, the maximum fluorescence was found to correlate with a known conservative tracer (salinity) as freshwater was diluted with seawater.
While conservative behavior is desired for mixing studies, it is somewhat surprising in light of laboratory studies of DOM fluorescence. The maximum fluorescence intensity of DOM is known to be a function of pH (Laane 1982; Ferrari 199 1) , metal ion concentration (Saar and Weber 1980; Ferrari 1991; Cabaniss 1992; Cook and Langford 1995) , and exposure to sunlight (Kramer 1979; Kieber et al. 1990 ; Kouassi and Zika 1990; Chen and Bada 1992) . Furthermore, fluorescence quantum efficiency is a function of temperature, and the in situ generation of new fluorophores (e.g. algal production) could also lead to nonconservative behavior.
It is therefore not surprising that some field studies have failed to observe conservative behavior of DOM fluorescence, attributed to biological production in an estuary (Post-I Corresponding author.
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Given the number of potential interferences observed in laboratory studies, why is conservative behavior observed in some field studies? Application of the fluorescence tracing technique requires that we understand the answer(s) to this question. Possible answers include differences in DOM (DOM isolate3 for laboratory studies may be structurally different from natural DOM), differences in chemical conditions between the field and the laboratory, the pretreatment of natural DOM (i.e. DOM that has been exposed to sunlight is less likely to photobleach further with added light exposure), and the light-attenuating effects of scattering and absorbance in the water column.
In this paper, we measure the effects of several known interferences--pH, metal ion binding, temperature, photobleaching-on the fluorescence of Cuyahoga River water and compare the results with those from isolated DOM fractions like fulvic acid (Cabaniss 1992; Cook and Langford 1995; Pullin and Cabaniss 1995) . Instead of observing only the maximum fluorescence intensity of these samples, we measure the synchronous excitation spectra that have been shown to provide higher information content and that permit the analyst to differentiate among multiple sources of DOM (Cabaniss and Shuman 1987; Miano et al. 1988) . Treating DOM-synchronous spectra with factor analysis allows several fluorescence components to be resolved, and regression methods permit apparently similar samples to be distinguished with confidence (Pullin and Cabaniss 1995) . Cabaniss and Shuman (1987) quantitated four independent sources of DOM using only their synchronous fluorescence spectra.
Methods
River sampZi,qg-This research was conducted using water from the Cuyaboga River, which drains a northern Ohio watershed (including the greater Cleveland area) into Lake Erie. Water samples were collected from three points along the length of the river: (1) Kent, Ohio, at the Main St. bridge;
(2) Peninsula, Ohio, at the State Rt. 303 bridge; and (3) Cleveland, Ohio, in the industrial flats area, near the river mouth. Water was also collected from the Detroit River at Elizabeth Park in Trenton, Michigan. The water samples were collected by hand in acid-washed glass bottles and stored in the dark at ambient temperature until returned to the laboratory. The samples were then filtered (0.45 pm, Gelman) and stored in dark refrigeration (55 d), if not used immediately. Sampling dates are given below for each individual experiment.
Instrumental measurements-Synchronous fluorescence (SF) spectra of the filtered water samples were collected using a Photon Technologies Alphascan fluorometer, using a 150-W Xe arc lamp and operating in photon-counting mode. The constant offset between the monochromators (6) was 20 nm, with the excitation monochromator scanned from 300 to 600 nm. Five-nanometer slitwidths were used on both monochromators. The spectra were blank (Milli-Q water) subtracted and then smoothed with a 15-point moving polynomial fit (Savitsky and Golay 1964) . No additional corrections for instrumental response were made to the fluorescence spectra. Studies that use multiple instruments would require such correction (e.g. see Hoge et al. 1993) . The unit of fluorescence intensity is counts per second (cps). For comparative purposes, the water Raman peak intensity recorded under these conditions is 105,000 cps (A,, = 350 nm, h,, = 400 nm).
Absorbance spectra (250-600 nm) were collected on the filtered water samples using a Hitachi U2000 spectrophotometer (Milli-Q water reference) and smoothed using a 15-point running average. Dissolved carbon concentrations were determined using a Shimadzu TOC-5000 total organic carbon analyzer on the filtered samples. Quantitation used a NaHCO,/Na,CO, standard solution (Kant0 Chemical, Tokyo) for dissolved inorganic carbon (DIC) and a potassium hydrogen phthalate standard solution (Kanto) for dissolved total carbon (DTC). Dissolved organic carbon (DOC) was determined by subtraction (DOC = DTC -DIC). We measured pH with a Cole-Parmer pH meter (model CR05943-40), an Orion Ag/AgCl glass pH half-cell (model 9 l-01), and a Corning Ag/AgCl (saturated KCl) single-junction reference electrode (model 476340).
Physical and chemical variations-The pH dependence of SF of Cuyahoga River DOM was examined at the three sites described above throughout the summer of 1994 (Table 1) . The pH of a 500-ml sample was lowered to 3.0 and SF spectra were collected every 1.0 pH unit from 3.0 to 9.0. pH adjustments were made using small amounts (~1) of 0.1 N NaOH and HCl. The number of fluorescent components varying with pH in each set of SF spectra was determined by rank analysis using the 30 misfit and x2 tests (Pullin and Cabaniss 1995) .
A cation-exchange resin selective for divalent and trivalent metals (Chelex) was used to remove metal ions from river water. The pH of a Cuyahoga River sample (Kent, 27 June 1995) was lowered to 4.0 using concentrated HCl (99.999%, Aldrich) and divided in half. Analytical-grade Chelex 100 (Bio-Rad, Na' form) was added (1 g liter-') to one-half, both halves were stirred for 24 h in the dark at room temperature, and the Chelex half was 0.45-pm filtered (Gelman) to remove the resin. A sample of Milli-Q water was subjected to the same treatment and SF spectra of both halves were collected. SF spectra of the two river water samples were collected at every 1.0 pH unit from 3.0 to 9.0 (as above).
Metal addition experiments used both the Chelex-treated and untreated Cuyahoga River water, which were buffered at pH 5.0 (10.0 mM sodium acetate trihydrate, Aldrich; pH adjusted with concentrated HCl, Aldrich, 99.999%) and at pH 7.5 (10.0 mM Hepes, hemisodium salt, Sigma). Varying amounts of Al"' and Mg2' were added to aliquots of the buffered river water samples from concentrated stock solutions ( SF spectra of Cuyahoga River water (Cleveland, 11 July 1994) were collected at 10, 20, 25, 30, and 40°C using a water-jacketed cell holder and a Lauda RM6 constant-temperature circulating water bath.
A 400-ml sample (filtered Cuyahoga River water: Cleveland, 8 September 1994) in a 600-ml acid-washed Pyrex beaker covered with clear plastic film was placed in a Pyrex water bath kept at 23-27°C and exposed to noontime full sunlight. Another sample of the river water was kept indoors, in the dark, at 25°C. Five-milliliter aliquots of the irradiated sample were removed into the dark after 0, 26, 46, 62, and 84 min of exposure, and SF and absorbance spectra were collected shortly thereafter. SF and absorbance spectra of the dark sample were collected after 0, 20, 40, 60, and 80 min. Dark and irradiated samples. of Milli-Q water were treated in the same manner. Fifteen-minute running average light intensities were collected using a Li-Cor LI-190SA quantum radiation sensor connected to a Li-Cor LI-1000 datalogger (version 2.02). The pH values of the irradiated and dark samples were monitored during the experiment. Aliquots of the light and dark river water and Milli-Q water samples were removed before and after the experiment and stored in dark refrigeration for subsequent DOC analysis.
Water from the Cuyahoga River (Cleveland, 9 July 1994) was diluted with low fluorescence water taken from the Detroit River (8 July 1994). SF spectra of the mixtures and both pure river water samples were collected. The mixtures were 28.6, 16.7, 7.4, 2.0, 0.90, 0.40, and 0.10% Cuyahoga River water by volume.
Results and discussion
Zonic equiZibria-The SF spectra of the Cuyahoga River DOM were pH dependent (Fig. 1, Table l ), although the variations in the pH region 7.5-8.2 are small (~5%). Because of the region's carbonate mineral geology, the natural pH of the Cuyahoga River remains between 7.5 and 8.0, while the pH of Lake Erie is -8.2. Thus, the effect of pH is minor for tracer studies in Lake Erie. The SF spectra and their variation with pH changed with sample site and date, indicating that SF is sensitive to temporal and(or) spatial changes in DOM (Table 1) . Interestingly, the effect of pH on natural river DOM SF was smaller than generally observed for isolated humic and fulvic acids (see below).
The effect of pH changes in other systems may require correction. In the southeastern United States, many rivers are near pH 6, and the mixing of these rivers into seawater (pH 8.4) may cause larger changes (Table 1) . Additionally, the SF of DOM from other geographical regions may have a larger pH dependence. These two ideas explain why different researchers report different results regarding the magnitude of the pH interference. For example, Cabaniss and Shuman (1987) , working in the southeastern United States, concluded that pH effects need correction. However, Willey and Atkinson (1982) , working in the same area, reported that pH effects are negligible. Laane (1982) , working in the North Sea, also indicated that correction for the pH effect is necessary. Ferrari (1991) , in Italy, reported only small pHdependent changes, similar to those observed in the Cuyahoga River. These conflicting results indicate that the magnitude of the ,)H interference varies regionally and should be checked beFore applying this method to other systems.
Removal of divalent and trivalent metal ions with Chelex resin had a small ((3%), pH-dependent effect on the SF spectra of Cuy.zhoga River water (Fig. 2) . The ion-exchange process decreased Auorescence at pH 14.0, suggesting the presence of metal ions that enhance fluorescence in this pH range. At pH 115.0, the ion-exchange process increased SF, indicating that metal ions that quench fluorescence at the higher pH valu,es were removed. Cabaniss (1992) found that a number of transition metal ions quenched SE whereas Mg*+ enhanced SE Al"+ had a pH-dependent effect, quenching SF at pH '7.5 and enhancing SF at pH 5.0. The small magnitude of this effect demonstrates that metal ion binding is not a major contribution to the variation in SF with pH discussed above.
The Mg2+ additions at pH 5.0 and pH 7.5 and the Al' + additions at pH 7.5 had no practical effect on the SF of both the Chelex-treated and untreated Cuyahoga River water. The Al"+ additions ;it pH 5.0 increased the Cuyahoga River SF intensity (Fig. 3) . There was no difference between the spectra obtained at the l-and 24-h equilibration times. Metal additions to the Chelex-treated and untreated samples gave the same results. This indicates that removing the Al" + from a DOM sample may not be reversible, or that Al? + is not responsible for the changes seen in the Chelex treatment. Further evidence for the second possibility is given by the fact that the ion-exchange experiment indicated the presence of quenching metal ions at pH 5.0, while the metal additions and previous research (Cabaniss 1992) indicate that Al?+ enhances SF at this pH.
Because the Mg2+ and Al3 + additions at pH 7.5 (near the natural Cuyahoga River pH) and the Chelex treatment had no practical effect on the Cuyahoga River SF, changes in metal ion concentration are not expected to interfere with tracer studies in this system region. The effect observed with Al'+ additions at pH 5.0 is interesting but not a problem in Lake Erie owing to high pH. However, natural pH values can approach 5.0 in some rivers and [Mg2+] and [Al?+] can be high enough to interfere (Willey 1984; Cabaniss and Shuman 1987; Ferrari 1991 ), e.g. Mg2+ in marine systems and Al"+ and(or) Fe"' in areas affected by acid deposition. Therefore, this potential interference should be checked before applying this method in other regions.
The effect of pH on SF is much larger for Suwannee River fulvic acid than for Cuyahoga River DOM (Table 1) . Additionally, rank analysis shows that the pH-dependent changes in Cuyahoga River SF spectra are the result of five to eight independent fluorescent components (Table 2) , with an average of six. The complexity of the spectra is high but lower than that observed for three DOM isolates from the Suwannee River (average of at least eight; Pullin and Cabaniss 1995). Metal ion concentration also has a larger effect on the SF spectra of humic and fulvic acids than on the Cuyahoga River spectra. Cabaniss (1992) reported a strong effect on SF for both Al'+ and Mg2+ at pH 7.5 for Suwannee River fulvic acid and a fulvic acid isolated from the White Oak River, North Carolina. There are at least three possible reasons for the differing effects of ionic equilibria on FA and natural DOM SF One possibility is that the Cuyahoga River drains a vastly different watershed than the Suwannee (and White Oak) Rivers, making the DOM in their surface waters dissimilar. The observed disparities could also be caused by changes in structure and(or) reactivity of the organic matter by the extraction/isolation procedures used to obtain humic and fulvic acids (Shuman 1990; Aiken and Leenheer 1993) . Green and Blough (1994) demonstrated differences in fluorescence between whole DOM samples and DOM isolated using C,, extraction. Cabaniss and Shuman (1988) reported consistent differences between the copper-binding properties of fulvic acids and natural DOM samples. They attribute the discrepancies to either differences in structure/reactivity or the effect of competing metals in the DOM samples (the third possibility). With Cuyahoga River DOM SE the effect of competing metals is apparently small, as demonstrated by the Chelex treatment data. In any case, extrapolating the effect of ionic equilibrium on the SF of a fulvic acid sample to natural DOM may lead to errors, as demonstrated by the SRFA data.
Temperature-Cuyahoga
River SF has a small, linear temperature dependence (Fig. 4) . Linear regression of percent change in peak intensity with temperature at five excitation wavelengths indicates that the dependence is linear in each case (Table 3 ; Fig. 4, inset) . The slopes show a change in SF intensity that is <0.5% per "C. Willey and Atkinson (1982) noted a temperature dependence of nearly the same magnitude. However, the slopes measured here vary with excitation wavelength, increasing markedly at excitation wavelengths ~400 nm. Temperature effects should not be a major interference, assuming reasonable precautions. They should not affect SF spectra of water samples collected in a laboratory, where the temperature can be controlled. Spectra collected in the field will require a wavelength-dependent correction factor and water temperature data, as a 5°C temperature shift could change the intensity much more than typical instrumental uncertainty.
Photobleaching-Exposure to sunlight quickly degraded the SF signal of the Cuyahoga River water sample (Fig. 5) , with no change in SF observed for the dark control. This result is consistent with previous research (Kramer 1979; Kieber et al. 1990; Kouassi and Zika 1990; Chen and Bada 1992) . No change in the SF of the Milli-Q water occurred, indicating that the plastic film did not affect the SF spectra of the samples. The absorbance spectra, pH, and [DOC] of all samples were unchanged, within experimental error, throughout the experiment. Because the samples were 0.45-pm filtered, the decay occurred over a short period, and there was no change in the dark control, the observed decay resulted from photobleaching only.
The average sunlight intensities were integrated numerically using the midpoint rule. The observed decay in the fluorescence signal of the sunlight exposed sample was used to develop an exponential model where the initial fluorescence intensity (P) at a given wavelength (X) decays at some rate constant (k) to some fluorescence intensity that is resistant to photobleaching on the time scale of the experiment (I*), termed photoresistant. Thus, the intensity of fluorescence at wavelength h and integrated sunlight intensity i is given by I*.i = (I*" -IA*)epkAi + IA*.
(1)
At each wavelength, I* and k were varied to minimize the root mean square error between model calculations and experimentally observed values of IA,P A similar model that allowed the fluorescence intensity to decay to zero (IA* = 0) provided a poor fit to the experimental data. The expo- nential decay model parameters determined using Eq. 1 (Fig.  6 ) provided a good fit to the experimental data (Fig. 5) .
I*" -IA* represents the SF signal sensitive to photobleaching, termed the photosensitive fraction. The term photoresistant fraction, as used here, refers to the fraction of DOM SF that is unaffected by sunlight during a time span of hours to days. The photoresistant fraction is probably susceptible to photobleaching over a longer period, as evidenced by the low fluorescence of the water entering Lake Erie from the upper Great Lakes (see below), which have very long residence times relative to Lake Erie.
The photoresistant/photosensitive fractionation of DOM in our model is in agreement with the results of Kouassi and Zika (1990) and Chen and Bada (1992) who reported an initial rapid pl-.otobleaching effect followed by a much slower degradation. Kieber and coworkers (1989) hypothesized that a fraction of DOM is not photochemically active. The photobleaching model parameters are wavelength dependent (Fig. 6) . While the ratio of the photoresistant-tophotosensitive fluorescence remains nearly constant between 320 nm and 475 nm (mean = 1.8, (T = 0.3, 17%), this ratio varies considerably between 475 nm and 550 nm (mean = 1.3, U = 0.9, 69%). The wavelength dependence reflects, in part, the wavelength distribution of the sunlight but also suggests that a number of fluorescent components are degraded at different rate: (Kouassi and Zika 1990) . The values of k, and Ih* reported here are highly uncertain below 320 nm and above 550 nm.
The mechanism of photobleaching is difficult to discern from our experiments. The fact that the [DOC] did not change during the photobleaching agrees with Ertel (1990) and indicates that the fluorescent material is being converted to a nonfluorescent form of organic carbon. One possibility is that low-molecular-weight (LMW) carbonyl compounds are being produl:ed (Sunda and Kieber 1994; Kieber et al. 1990 ). Kieber and coworkers (I 990) reported a strong correlation (r2 = (1.93-0.98, n = 18) between the photoproduction of these compounds and the photobleaching of DOM fluorescence. A recent study indicates that mineralization to CO, may occur at longer periods of photobleaching (Miller and Zepp 1995) .
The photobleaching experiment used a small, optically transparent sample and noontime sunlight, which overestimates the natural rate. In field conditions, incoming sunlight is variable and quickly attenuated by the water column, reducing the sunlight exposure of the fluorescent material, which must be accounted for. The fraction of sunlight (f) reaching depth d at wavelength A was calculated using
where Kllc, and &OM,A are the attenuation coefficients of pure water and DOM at A, respectively. The analysis used values of &,, published by Baker and Smith (1982) (converted to base 10) and values of KL)OM,A determined from the absorbance spectrum of a water sample taken from the Detroit River. The absorbance of the Detroit River water provides a minimum estimate of the absorbance of the Lake Erie water into which the Cuyahoga River mixes. The values of fh,([ were averaged over a defined mixing depth (z) at z/100 intervals to give fh,z. The 24-h average sunlight intensity was assumed to be 0.3 (h) of the noontime value (I, 2,000 pm01 s I me2 on 8 September 1994). Additionally, rates of photochemical reactions determined in test tubes are 2.2 times faster than those observed in flat containers, due to a larger area of light exposure and scattering from glass walls (Leifer 1988) . Our analysis assumed that the predicted photolysis rate in the field would be 0.50 of the rate determined in our Pyrex beakers (g in Eq. 3). The intensity of synchronous fluorescence at h after a specific time of photolysis (t) at specific values of z, Z, g, and h is given by Z h,t = K -Z,*)e -khfA.&i~~ + IA*.
(3) Predicted SF spectra were calculated at varying t and z (Fig. 7) . At z of 20 m, the intensity of the photosensitive SF has an approximate half-life of 7 d (Fig. 7A) . As the mixing depth decreases, the amount of sunlight exposure of the top layer increases substantially, increasing the rate of photobleaching so that the half-life decreases to about 3 d at z of 10 m (Fig. 7B) . While the predicted rate of photobleaching of Cuyahoga River water in Lake Erie is much slower than observed in the rooftop experiment, the degradation rate is still fast relative to the water residence time of Lake Erie's central basin (635 d), into which the Cuyahoga River drains (Bolsenga and Herdendorf 1993) .
The predictions disagree with the results of several studies that conclude that fluorescence is a conservative mixing tracer (Zimmerman and Rommets 1974; Dorsch and Bidleman 1982; Willey and Atkinson 1982) . Postma and coworkers (1976) noted nonconservative behavior, but only at longer periods (23 months). When Kieber et al. ( 1990) extrapolated their rates of photochemical production of LMW carbonyl compounds to field situations, they estimated the half-life of humic-rich riverine dissolved carbon in the seas to be 5-15 yr, a much longer period than is predicted by our model, although the rates measure different processes.
Other studies report observations of photobleaching. Researchers working in marine systems noted a minimum in the depth profile of seawater DOM fluorescence at the surface (Kramer 1979; Chen and Bada 1992) . Kouassi et al. (1990) used laboratory-determined photobleaching rates and a model of light angle and attenuation to conclude that the fluorescence minimum is the result of the fast photobleaching of DOM. The results of Chen and Bada (1992) agreed with Kouassi et al. (1990) and reported that the photobleaching occurs in about 1 week, in strong agreement with our results, Vodacek and coworkers ( 1995) found nonconservative behavior of fluorescence across the shelf near Delaware Bay and attributed this to photobleaching.
These reports of photobleaching and our results raise interesting questions about the photochemical processing of DOM. For instance, why does surface water, previously exposed to sunlight, undergo photobleaching upon irradiation in a laboratory experiment? It is possible that the water in the Cuyahoga River probably has not been exposed to large amounts of sunlight. The river is shaded by trees for much of its length and moves from its source to the mouth in a few days. The river water contains a high concentration of particulate material, which may be a significant source of dissolved organics and certainly reduces light penetration. Additionally, organic material is added to the river throughout its length, both as terrestrial runoff and treated sewage, providing unphotolyzed DOM. Filtration and bottling of the river water would eliminate these effects, greatly increasing the effect of photobleaching. As the Cuyahoga River water enters Lake Erie, the flow rate drops and much of the particulate material settles out of the water column, drastically increasing light penetration and the possibility of photolysis. A contrasting situation is the Detroit River, a wide shipping channel that connects the upper Great Lakes and Lake Erie, providing 80% of its water (Bolsenga and Herdendorf 1993). The upper Great Lakes have residence times measured in tens of years, providing ample time for photobleaching. This pretreatment of the Detroit River water may explain why its SF spectrum (Fig. 8) is much less intense than in the Cuyahoga (Fig. 1) . The pretreatment effect may explain why some researchers observed conservative mixing and others did not. Another possibility is that the photobleaching effect is at least partially reversible (Kouassi and Zika 1990) . Photobleaching may also shift fluorescence to longer wavelengths (Vodacek 1992; Kouassi and Zika 1990) . If fluorescence intensity is measured at one of these longer wavelengths, conservative behavior might be observed.
It is important to note the limitations of our extrapolation from laboratory to field conditions. There are a number of assumptions used by our model that could cause an overestimation in our predicted rate of photobleaching. The model neglects absorbance and scattering of light by living and nonliving particles and uses the initial rate to extrapolate to long periods. Also, the model does not account for the changing angle of the sunlight during the day or annually. Finally, the predicted photobleaching rates are at infinite dilution of river water. Inclusion of river water DOM increases light absorbance in the water column (higher KDOM), decreasing photobleaching (Kouassi et al. 1990) . When this effect is modeled by using a value of KDoM that is a sum of the attenuation coefficients of the Detroit and Cuyahoga Rivers, weighted for their relative contribution to the Lake Erie water, the rate of photobleaching decreases by up to 32%, neglecting light attenuation by particulates. Despite these limitations, our results agree approximately with predictions from more complicated models (Kouassi et al. 1990 ). The predictions generated by our model suggest that the use of SF as a mixing tracer should be limited to the study of mixing p,atterns over short periods (3-7 d, depending on the mixing depth and the amount of river water present). However, thj s conclusion is based only on a single study and is certainly t,entative. Future research, including field studies, aimed at a better understanding of this interference is planned.
Laboratory dilutions-The SF spectra of the laboratory mixtures agree well with the theoretical SF spectra calculated from the spectra of the two pure mixture components (Fig. 8) . The Cuyahoga River spectrum was detectable at the 0.90% level and greater but not at the lower dilution levels (0.40%, O.lO%), indicating a 1% detection limit of Cuyahoga River vlater in Lake Erie water (by volume). The detection limit of other rivers will depend on the magnitude of their undiluted SF but should remain close to 1%.
Using eq. 7 in Pullin and Cabaniss (1995) , the error in the experimental 0.90% spectrum was calculated as a function of h. The difference between the 0.90% spectrum and the Detroit River spectrum is an average of 4.3 standard deviations larger than the error in the 0.90% spectrum, indicating that the detection of the river water at the 0.90% level is not hampered by inherent instrumental error.
